ABSTRACT: Knowledge of maternal malnutrition of ruminants and effects on development of the immune system of their offspring is lacking. A study was conducted to investigate the effects of maternal protein or energy restriction during late gestation on immune status of their offspring at different ages. Sixty-three pregnant goats (local breed, Liuyang black goat, 22.2 ± 1.5 kg at d 90 of gestation) were fed control (CON, ME = 9.34 MJ/kg and CP = 12.5%, DM basis), 40% protein restricted (PR), or 40% energy restricted (ER) diets from d 91 of gestation to parturition, after which all animals received an adequate diet for nutritional recovery. Plasma concentrations of complement components (C3, C4), C-reactive protein (CRP) and immunoglobulins (IgG and IgM), jejunum cytokines (IL-2, IL-6, and IL-10) expression levels and morphology in the offspring were measured. Additionally, plasma concentration of complement and IL-6, and cytokines expression levels in gastrointestinal tract obtained at 6 wk from young goats were assessed under saline or lipopolysaccharide (LPS) challenging conditions. Maternal PR or ER decreased (P < 0.05) plasma C3, C4, IgG, and IgM concentrations, and IL-2 and IL-6 mRNA expression in the jejunum from neonatal kids, but did not alter (P > 0.05) plasma CRP concentration. The IL-10 mRNA expression of jejunum from PR kids was also less (P < 0.01) than that from CON kids. Moreover, jejunum villous height (P < 0.10 in PR, P < 0.05 in ER) and crypt depth (P < 0.05 both in PR and ER) were reduced in neonatal kids from malnourished mothers. At 6 wk of age, there were no differences (P > 0.05) in any plasma or tissue immune parameters among the 3 treatments. However, when given a LPS challenge, ER and PR kids had greater (P = 0.02) IL-6 concentration compared with CON kids. Our results suggest that both PR and ER during late gestation induced short-term as well as long-lasting alterations on immune responses in their offspring, which may make the animals more susceptible to a bacterial pathogen challenge. The present findings expand the existing knowledge in immunological mechanisms responsible for the development of disease in later life.
INTRODUCTION
The survival and productivity of goats in Northern or Southern China are largely dependent on forage availability and quality, which are lacking during the unfavorable dry season (i.e., winter; Wang et al., 1997) . The period of pregnancy in goats coincides with this dry season, and hence, pregnant goats are likely to face a period of nutrient deficiency. Maternal malnutrition can impact physiological function of the fetus, leading to temporary or enduring programming effects on development of offspring (Mcmillen and Robinson, 2005; Fowden et al., 2009; He et al., 2009) . There is an increasing interest to investigate the impacts of maternal nutritional on offspring and to understand the underlying mechanisms of fetal specific adaptations for reprogramming, not only for humans, but also for farm animals (Du et al., 2010; Reynolds et al., 2010) .
To date, the impacts of maternal nutritional insults on physiological function of the endocrine system of the offspring, especially in rats and humans, have been well documented, and increased incidence of type II diabetes, cardiovascular diseases, and syndrome X (Petry et al., 2001; Mcmillen and Robinson, 2005; Remacle et al., 2007) have been reported. However, the effects of maternal malnutrition on the development of the immune system in the offspring are still lacking. Therefore, the objective of this study was to investigate the effects of 40% protein or energy restriction of goats in late gestation on the immune status of their offspring, by assessing complement, immunoglobulin, and cytokine expression levels. The effects on postnatal fetal growth, visceral organ mass, and antioxidant status of kids were reported separately (He et al., 2012b (He et al., , 2013 . Because lipopolysaccharide (LPS) is a common tool used to induce an acute immune response (Albin et al., 2007) , the immunological responses to an LPS challenge were also determined in young goats from normal and restricted mothers.
MATERIALS AND METHODS
The experiments were conducted according to the Animal Care and the Use Guidelines of the Animal Care Committee, Institute of Subtropical Agriculture, The Chinese Academy of Sciences, Changsha, China.
Animal Management and Dietary Treatments
Eighty female local goats (Liuyang black goat) with similar age (2.0 ± 0.3 yr), BW (20.0 ± 1.0 kg) before pregnancy, and parity (2), were provided by the Liuyang Black Goat Reproduction Centre, Liu Yang, Hunan Province, China. Synchronous estrus and AI techniques were applied to ensure consistency of pregnancy date, and the insemination day was considered as gestation Day 0. Throughout early (0 to 30 d) and mid-gestation (30 to 90 d), the pregnant goats remained on pasture, and each goat received 300 g/d of concentrate. The concentrate (74.0% corn meal, 20.3% soybean meal, 1.3% calcium bicarbonate, 1.6% calcium carbonate, 0.8% sodium chloride, and 2% mineral-vitamin premix) supplied 11.0 MJ/kg ME and 15.4% CP (DM basis). At gestation d 90, the pregnant goats (examined by ultrasound at gestation d 60) were housed individually in a finishing barn, and randomly assigned to 1 of 3 dietary treatments until parturition. The 3 dietary treatments were (DM basis): control diet (CON, ME = 9.34 MJ/kg; CP = 12.5%), protein restricted diet (PR, 60% protein of control group: ME = 9.28 MJ/kg; CP = 7.5%), and energy restricted diet (ER, 60% energy of control group: ME = 5.75 MJ/kg; CP = 12.6%). The control diet was formulated to supply 1.2 times the maintenance requirements of ME and CP according to the feeding standard of Chinese goats (Zhang and Zhang, 1998) . The ingredients and composition of the 3 experimental diets are given in Table 1 . The amounts of offered diet were 1.0 to 1.1 and 1.1 to 1.2 kg·d -1 ·goat -1 during late gestation from d 90 to 120 and d 120 to 145, respectively.
Soon after birth, kids were ear tagged, weighed, and reared together with their mothers until weaning. The nutritional recovery period lasted from birth to wk 6. Before weaning the kids on d 42, all mothers received the control diet for ad libitum intake, and the kids (except the neonates used for estimating the immune status at birth) received no supplemental feed other than their mother's milk. The mature goats were fed ad libitum in 2 equal amounts daily at 0800 h and 1800 h, and had free access to water. Feed samples were sampled monthly and stored at -20°C. At the end of the trial, monthly samples were composited, oven-dried, and then ground through a 1-mm screen using a Wiley mill (DF-2, Changsha Instrument Factory, China). Ground samples were analyzed for DM, CP, Ca, and P according to the procedures of AOAC (1995).
Sampling Procedures Experiment 1. To minimize possible effects resulting from intrauterine nutrient competition among fetuses in multiparous goats, 28 male offspring (CON = 9, PR = 9, and ER = 10) from only the pregnant goats carrying a singleton kid were used to evaluate the effect of different maternal dietary treatments on immune status of newborn and 6-wk old kids. Blood samples (10 mL) were randomly collected from the jugular vein (5 animals per treatment) of kids at birth and wk 6 (d 42) and immediately injected into heparinized tubes. All blood samples were centrifuged at 3000 × g for 15 min at 4°C to harvest plasma, and plasma was separated into aliquots and stored at 20°C for analysis of complement component 3 (C3), complement component 4 (C4), Creactive protein (CRP), immunoglobulin G (IgG), and immunoglobulin M (IgM).
Four kids were randomly selected from each group and euthanized with a venous injection of sodium pentobarbital (50 mg/kg BW) at birth with another 4 per treatment selected and euthanized at wk 6 (d 42). The kids used for estimating the immune status of neonates (i.e., at birth) were removed from their dams before suckling. Jejunal samples were collected following the procedure of Neville et al. (2010) . A 100-cm measurement was made caudally down the small intestine, where at both the cranial and caudal demarcations the intestine was excised by following up the mesenteric arcade to the point of intestinal intersection. Then a subsample (1 cm 2 ) was stored in 10% neutral buffered formalin for 24 h for morphology analysis, and another subsample (5 cm) was collected from the cranial end of the jejunum, washed with 0.9% sodium chloride solution, and immediately frozen in liquid-N 2 and stored at -80°C for mRNA analyses of IL-2, Experiment 2. From the remaining young goats, a total of 24 kids (6-wk of age; averaged BW 3.4 ± 0.38 kg) born to pregnant goats carrying twins were used to evaluate their responses to LPS challenge. Each maternal treatment group contained 8 animals with 4 male and 4 female kids from 4 dams, and the twins from the same dam were split between control and LPS injection. On d 42, all the kids were placed into separate crates, and an intravenous injection of either LPS or saline was administered (2 males and 2 females per maternal treatment group for each injection). The LPS from Escherichia coli (serotype O111:B4; Sigma Chemicals, St. Louis, MO) was dissolved in sterile saline. The injection dose of LPS (200 ng/kg BW) was selected based on a previous study in goats (Takeuchi et al., 1995) . Blood samples (10 mL) were taken immediately from the jugular vein before LPS injection (0 h, baseline for all measures) and 2 h later for analysis of C3, C4, and IL-6 concentrations. Blood samples were treated as described above.
Two hours after the LPS challenge, all kids were killed according to the previously described procedures. Jejunum, rumen epithelium, and jejunal mesenteric lymph nodes samples were collected and stored at -80°C for mRNA analyses of IL-2, IL-6, and IL-10. The jejunum samples were collected as described above. After removing the attached food particles and rinsing three times with 0.9% sodium chloride solution, the whole rumen epithelium was isolated by a blunt dissection. Rumen epithelium samples (~4 cm 2 size per sample) from the ruminal ventral sac were collected. The samples of mesenteric lymph nodes (located in the jejunum tissue) were collected after being washed with 0.9% sodium chloride solution.
Laboratory Analysis
Concentrations of plasma C3, C4, CRP, IgG, and IgM were determined using an Automatic Biochemistry Analyzer (CX4, Beckman Coulter, Brea, CA). All of the commercially available assay kits were purchased from Beijing Leadman Biochemistry Co., Ltd. (Beijing, China). The concentration of plasma IL-6 was determined using ELISA kits as per the instruction of the manufacturer (R&D Systems, Minneapolis, MN). The interassay CV was 5.1%, and the intraassay CV was 8.0%.
Morphology of the jejunum tissue samples was analyzed according to the method described by Sun et al. (2013) . After storage in 10% neutral buffered formalin for 24 h, samples were rinsed with water, dehydrated in a series of gradient absolute ethanol (50, 70, 80, 90, and 100%) , cleared with benzene twice, and saturated with and embedded in paraffin. Cross-sections of 7 μm thickness (10 slices per sample) were processed in low-melt paraffin, stained with haematoxylin and eosin, and then observed under a light microscope (Axiolab, Carl Zeiss Jena, Germany). Digital images of the vision were taken using a color video camera (Sony 3 Charge-Coupled Device, Tokyo, Japan) for measuring the height and width of jejunum villus, and crypt depth, using image analysis computer software (5 observations per slice; Intronic GmbH, Berlin, Germany).
The levels of mRNA expression were measured by real-time reverse transcription PCR (RT-PCR) as described by He et al. (2012b) . Total RNA was extracted from jejunum or rumen epithelium or mesenteric lymph node with the TRIzol reagent (Invitrogen, Carlsbad, CA). All RNA used for quantitative real-time gene analysis met at least a 1.8 ratio of 18S:28S rRNA, and the results of 1% agarose gel electrophoresis for total RNA revealed that all RNA samples were intact and suitable as templates for reverse transcription. The RNA aliquots were stored at -80°C before measurement.
Total RNA samples (1000 ng) were reversely transcribed into cDNA (20 μL) using the First Strand cDNA Synthesis Kit (Toyobo, Osaka, Japan) and used as RT-PCR templates. The cDNA samples were stored at -80°C until use. Primer sequences were designed using software of Vector NTI advance 10 (Invitrogen). The primers used for genes of IL-2, IL-6, IL-10, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) are given in Table 2 . In the current study, the gene of GAPDH was chosen as the housekeeping gene. The RT-PCR was performed using the SYBR Green Detection Kit (ABI, Carlsbad, CA) containing MgCl 2 , dNTP, and Taq polymerase. Reactions took place in the ABI 7900 Sequence Detection System using the SYBR Green 2-step PCR protocol. The thermal cycling parameters were as follows: 95°C for 10 min for activating the hotstart DNA polymerase, and then cycled at 95°C for 15 s and 60°C for 1 min for 40 cycles of amplification.
The relative expression ratio of mRNA was calculated by R = 2 -∆∆Ct . Threshold cycle (Ct) was the value of PCR cycles at which the fluorescence signal of the PCR reaction reached a fixed threshold. For each sample, the Ct both for the target gene and housekeeping gene were determined to calculate ∆Ct sample (Ct, target gene -Ct, housekeeping gene). Consequently, the ∆∆Ct was calculated by subtracting the averaged ∆Ct value of 6-wk saline injected samples (as a calibrator) from the remaining values (i.e., ∆Ct sample -∆Ct calibrator ), and then the relative expression was calculated by 2 -∆∆Ct . The RT-PCR efficiency was acquired by the amplification of dilution series of cDNA according to the equation [10 (-1/slope) -1] and was between 90 and 110% (Table 2) . Negative controls were performed in which cDNA was substituted by water.
Statistical Analysis
Residuals were tested for normal distribution using the UNIVARIATE procedure of SAS (SAS Inst. Inc. Cary, NC). To achieve approximately normal distribution, nonparametric data were log-transformed before further analysis. All the data were analyzed using the MIXED procedure of SAS. The individual animal was the experimental unit. In Exp. 1, the model included diet as the fixed effect, and data were analyzed separately for newborn and 6-wk old kids. In Exp. 2, diet, LPS treatment, and their interaction were considered as fixed effects. The factor of gender was also included as a part in the initial model; however, it was removed because there was no significant effect for any of the variables tested. Differences between treatment means were tested using the Kenward-Roger adjustment, using a protected LSD test. Statistical significance was declared at P ≤ 0.05 with trends discussed at 0.05 ≤ P ≤ 0.15. Least squares means are presented in the text.
RESULTS

Immune Status and Jejunal Morphology of Postnatal Kids (Exp. 1)
At birth, plasma C3, C4, IgG, and IgM concentrations in kids from PR and ER goats were less (P < 0.05) or tended to be less (C3; P = 0.07) than those from control goats (Table 3) . However, plasma CRP concentration in kids was not affected (P = 0.33) by maternal nutritional restriction. At wk 6 of age, there were no differences (P ≥ 0.32) in any of the above variables among the 3 treatments.
Similarly, the IL-2 and IL-6 mRNA expressions in jejunum from PR and ER kids were less (P < 0.01) than that from control at birth (Table 4) . Also, the IL-10 mRNA expression of jejunum from PR kids was less (P < 0.01) than that from control or ER kids. At 6 wk of age, there were no differences (P ≥ 0.55) in IL-2, IL-6, and IL-10 mRNA expression in jejunum among the 3 treatments.
Maternal PR and ER caused mucosa damage of jejunum in their kids (Fig. 1) , resulting in a numerical (P = 0.07) decrease in crypt depth of jejunum compared with CON (Table 5) . Likewise, villous height was lowest for ER kids, intermediate for PR kids, and greatest for CON kids (P = 0.05). However, there was no difference (P = 0.98) among treatments for villous width. 
Offspring Responses to Lipopolysaccharide Challenge (Exp. 2)
Neither maternal diet nor LPS challenge affected (P ≥ 0.17) plasma C3 and C4 concentrations from 6-wk old kids (Table 6 ). However, there was a LPS challenge effect (P < 0.01), but no diet effect for plasma IL-6 concentration after 2-h LPS administration. Injection of LPS increased (P < 0.01) IL-6 concentration of kids regardless of dietary group.
The results for cytokine mRNA analysis are shown in Table 7 . In the jejunum, expression of IL-2 and IL-6 mRNA was (P < 0.01) increased for LPS-treated kids compared with kids treated with saline. Maternal diet restriction decreased (P < 0.01) the IL-2 mRNA expression, but did not affect (P = 0.16) the IL-6 mRNA expression. There was a diet × LPS interaction (P < 0.01) for IL-10 mRNA expression. For kids given the LPS treatment, those from PR or ER had reduced (P < 0.01) levels of IL-10 mRNA expression compared with CON, but that was not the case for kids given the saline treatments.
In the rumen epithelium, there was a diet × LPS interaction (P < 0.01) for IL-6 mRNA expression. For kids given the LPS treatment, those from PR or ER had reduced (P < 0.04) IL-6 mRNA expression compared with CON, but there was no diet effect for kids given the saline treatment. Rumen epithelium IL-10 mRNA was not affected (P ≥ 0.11) by either maternal diet restriction or LPS treatment. The IL-2 mRNA expression was very low in the rumen epithelium from all kids.
In the mesenteric lymph nodes, expression of IL-2 and IL-6 mRNA were both increased (P ≤ 0.04) for LPStreated kids compared with kids treated with saline. Maternal diet restriction did not affect (P ≥ 0.68) IL-2 and IL-6 mRNA expression. There was a diet × LPS interaction (P < 0.01) for IL-10 mRNA expression. For kids given the LPS treatment, those from PR or ER had reduced (P < 0.01) expression of IL-10 mRNA compared with CON, but not for kids given the saline treatments.
DISCUSSION
The aim of these experiments was to characterize the immunity of young goats in response to maternal PR or ER. Immunity was assessed as immune competence by measuring plasma concentrations of immune parameters and mRNA expression of several cytokines in key natural barrier tissues. Immune competence is critical for maintaining health of the offspring. The present study demonstrated for the first time in goats that both maternal 40% PR and ER during late gestation decreased the baseline of immune status in neonatal kids, and altered immune responses to challenges later in life, even though the baseline immune parameters themselves were not changed.
While no other studies have been conducted to examine the alterations of offspring's immunity in goats by maternal nutritional manipulation, studies in other animal models have evaluated offspring immunity as influenced by maternal malnutrition. In rats, moderate dietary PR during gestation impaired offspring thymocyte proliferation at birth and thymic and spleen lymphocyte proliferation at weaning (Calder and Yaqoob, 2000) . Malnutrition decreased T cell function, cytokine production, and the ability of lymphocytes to respond appropriately to cytokines (Dai and McMurray, 1998) . It was also reported that T lymphocytes from malnourished infants were shortlived and dysfunctional . In addition, in piglets, decreased concentrations of IgG and IgM were observed in neonatal offspring from sows fed diets with low or high ratio of protein to carbohydrate (Tuchscherer et al., 2012) . Therefore, in the current study, decreased plasma C3, C4, IgG, and IgM concentrations in the neonatal kids that resulted from maternal nutritional restriction were somewhat consistent with previous studies. Our previous study showed that maternal protein or energy restriction during the late phase of gestation increased the plasma cortisol level of mothers (Z. X. He, unpublished data). During the period of prenatal stress, increased cortisol levels may accelerate fetal gut maturation and thereby impair the acquisition of colostral immunoglobulins after birth (Bate et al., 1991; Tuchscherer et al., 2012) . C-reactive protein, a marker of tissue damage and inflammation, rises in cases of acute infection and inflammatory diseases. It has been suggested that increased CRP level during the first trimester of pregnancy is indicative of intrauterine growth restriction in humans (Tjoa et al., 2003) . However, there is little research to assess the CRP levels in offspring induced by maternal nutritional manipulation. Our unchanged CRP level in neonates from goats fed with inadequate protein or energy levels suggested that the tissue damage in kids from maternal nutritional restriction were not acute, although the other immune indexes (e.g., immunoglobulins and cytokine expression) were affected by maternal nutritional restriction. He et al. (2012a) previously reported that restriction of intake to 40% below the protein or energy requirements of pregnant goats did not affect BW change, thus the imposed nutritional restriction could be considered moderate rather than severe.
Cytokines are substances that play an important role in coordinating the inflammatory response to various external and internal stimuli (Romagnani, 2000) . The effects of malnutrition on cytokine expression have been quite variable, depending on nutritional restriction level and the type of cell producing cytokines. It was reported that CD4 + and CD8 + T cells from malnourished children produced increased IL-4 and IL-10 concentrations and decreased IL-2 concentration compared with cells from well-nourished children (Rodríguez et al., 2005) . The production of IL-6 and tumor necrosis factor α (TNF-α) by bone marrow cells has been reported to be less in malnourished animals (Fock et al., 2007) . However, the production of IL-6 by peripheral blood mononuclear cells from PR or ER goats was found to be greater after 48 h of in vitro culture (He et al., 2012a) . In addition, Badr and Mohany (2011) reported that off- Means in the same row with different superscript letter are significantly different (P < 0.05).
1 CON = control group; PR = protein restricted group; ER = energy restricted group.
spring from 50% feed restricted pregnant rats exhibited a reduction in plasma IL-2 and IL-7 compared with offspring from control pregnant rats. Similarly, our present study also found that maternal nutritional restriction, especially 40% protein restriction, decreased IL-2, IL-6, or IL-10 expression in the jejunum of neonatal kids. The reduction of cytokine production might be a result from a decrease in the total number of immune cells, as immune cells exert their effects through the production of cytokines (Penny et al., 1999) . Although the number of immune cells in jejunal mucosa was not measured in the present study, Badr and Mohany (2011) reported that restricting 50% nutrition in pregnant rats resulted in a decrease in the total number of white blood cells and lymphocytes as well as the percentage of CD4 + and CD8 + T cells. In support, our previous study demonstrated that maternal PR or ER at late gestation altered proportional response of fetal thymus relative to BW (He et al., 2013) and decreased the antioxidant capacity of thymus in postnatal goats (He et al., 2012b) , where the T cells are developed.
Moreover, because impaired T cell activation was associated with deficits in cytokine production (Rodríguez et al., 2005) , another possible reason for depressed immunity in offspring induced by maternal nutritional restriction might be ascribed to altered T cell activation. Similarly, it has been reported that maternal PR during early lactation induced changes in neutrophil activation and TNF-α production of adult offspring (Silva et al., 2010) . Furthermore, 2 Data were transformed using the logarithmic transformation (base 10) to achieve normal distribution.
3 The data with a difference between after and before LPS injection under 0 were removed. because nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) is a critical transcription factor for genes that control the production of cytokines (Ghosh et al., 1998) , the molecular mechanism for the reduction of IL-2, IL-6, or IL-10 mRNA expression induced by maternal PR or ER may be delayed NF-κB activation. It has been reported that macrophages from malnourished mice had delayed NF-κB activation (Anstead et al., 2003) . It is suggested that maternal PR or ER reduced the stimulation of the offspring's immune system for several days after birth. Reduced immunological defense could have minimized energy expenditure, and possibly caused trade-offs with other nutrient-demanding processes such as growth and reproduction (Lochmiller and Deerenberg, 2000) . Although evidence of trade-offs mostly comes from laboratory and poultry studies (Mangel and Stamps, 2001; Soler et al., 2003; van der Most et al., 2011) , the trade-off between immunity and growth has also been suggested to exist in ruminant goats, with compensatory growth of kids from PR and ER goats after nutritional recovery (He et al., 2013) .
Changes of intestinal morphology in neonatal kids and interactions with immune function are important aspects of understanding the effects of maternal nutritional restriction. There has been little research to assess the effect of nutritional insults on intestinal morphology of ruminants, but in other animals, Firmansyah et al. (1989) observed decreased mucosal thickness and villus height in small intestine from prenatal and postnatal malnourished rats. D 'Inca et al. (2010) reported that the ileum of piglets with intrauterine growth restriction had shorter villous height at birth relative to control. Thus, the lack of jejunum mucosal integrity in PR and ER kids was somewhat expected. Lack of jejunum mucosal integrity has been suggested to be the result of reduced specific activities of lactase, maltase, and sucrase (Firmansyah et al., 1989) or modulation in proliferation-apoptosis balance (D'Inca et al., 2010) . However, as jejunum limits the migration of pathogenic organisms outside the intestinal lumen, lack of intestinal mucosal integrity in PR and ER kids may increase the likelihood of potential antigens entering the digestive tract of kids and stimulating the immune system, which may offset the delayed activation of the immune system.
The basal immune system in young goats appeared to have recovered from maternal malnutrition at 6-wk of age, as evidenced by the lack of difference between ER or PR and CON kids in immunoglobulin and tissue cytokine expression levels. However, maternal PR or ER did influence the tissue cytokines expression in response to LPS, with an overresponse in plasma IL-6 concentration from PR and ER offspring compared with CON. An overproduced cytokine response resulting from pathogen challenge may cause tissue dysfunction, organ damage, and metabolic related disease (Hildebrand et al., 2005; Van Eldik et al., 2007; Blume et al., 2011; Saxton et al., 2011) . Thus, the impaired immune system in maternally nutritional restricted offspring might be one possible explanation for the fetal origins of adult disease. Moreover, it was suggested that the mechanism of uncontrolled immunological responses to LPS in PR or ER offspring was a lack of negative feedback system readiness, which would have made the animals more susceptible to overproduction of inflammatory cytokines in response to a major pathogen challenge (Touchette et al., 2002) . Given that cytokine expression levels in PR or ER treated with LPS were even less than those of CON treated with LPS, it may be more effective to assess plasma cytokines concentration, rather than intestinal tissue cytokine expression levels to reflect physiological and metabolic status of animals.
Conclusion
The study demonstrated that maternal PR or ER in late gestation moderately depressed immunity and impaired jejunum morphology in neonatal offspring. Moreover, although the concentrations of baseline immune parameters in kids were recovered to normal levels after a 6-wk nutritional recovery, maternal nutritional insults still caused dysregulation in cytokine responses to LPS challenge, potentially making the offspring more susceptible to a future major immunological challenge. These results suggested that 40% PR or ER in late gestation induced short-term as well as long-lasting alterations of immune response in postnatal goats.
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